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GHiPTER 1 


INTEDDUGTIOR 


IThe oonventional analog computer is limited in 
capability in that it can integrate its input signals only 
■with respect to 'the independent variable that is time, The 
generalised integrator, -vdiich is disc'ussed in the sections 
that follow is capable of integrating a function with respect 
to yet another function of time, The unit is a hybrid analogue- 
digital device and uses delta modulation techniques. It is 
particularly useful in function generation and c^ handle 
signal frequencies upto lOO c/s within “\io errorl QOieoretical 
and practical work on this unit was earlier reported in 

lx 

litera-ture by Paul and Gatland (Ref.l)^ 

\ 3 jQ 1 e scheme of this report is as follows. In Chapter 2, 
the realisation is discussed. Ghapber 3 gives circuit detail's, 
inalysis is done in Chapter 4* Chapter 5 is de-voted to applioa.- 
tions. In Chapter 6 the modified version of the integrator is 
discussed and concluding remarks are put in Chapter 7^ 



chip™ 2 


BEAUZATIOF OF THE GEHERiJISED INTEGRATOl 


2.1. Basic System ; 

y('t) and 5 a[t) be the two separate functions of time, lEhe 

t 

ohjeoti-we is to geneijate the function f y(t) d x(t). A method of 

0 

realizing the above integral is as follows. 


/y('fc)3.x(t) =. fy(t) 


Mil . at 


dt 


( 1 ) 


Iho identity (i) decides the units that will have to be employed 
to get the desired result. 

It is necessary to have a block that will differentiate the 
function x(t) with respect to time. 


A multiplier will be needed to obtain the product y(t). 


Mil 


dt 


And finally a conventional integrator will have to be used which 
wall integrate the above product with respect to time. 


3c(t) 


Thus the block diagram diown in Pig.1 is appTOpriate. 

Fig. 1 




: Mi.1 ■ 

dt 


y(t)dx(t) 


Bifferen- 

Multiplier' 

• dt 1 

J 

■ Integrator' 

^ tiator 

i 


f j 

, .... i 






I y(t)dx(t) 
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The system, therefore, has three cain units. These are desorihed 
he low. 

2 .2 , Differen tiator ; 

- A differentiator which is based on active R-C networks 
suffers from the disadvantage that the gain increases with the 
increase in frequency and hence the inmunity to high freq.uenoy 
noise is low. Hence a different method is employed to effect 
dif f oronti ation . 

The method that is discussed below is duo to Paul and Gat land. 
Sec reference 1. 

The variable x(t) is sampled and quantised in such a way that 

it is measured in discrete amplitude steps jx = + q at discrete 

time intervals separated by jt = T , where i/T is the sampling 

c c 

rate and q is the constant quantisation level. The variable x(t) 
should, therefore, vary in such a way that its marimum rate of change 
is loss than one quantum in time T^. In other words, 



If the above equation is satisfied g x may be expressed in the foma 

fi X » q u 

where u is a train of impulses occuring at discrete time intervals 
Tp, having a unit magnitude and a positive or negative sign 
according to tho time rate of change. 


4 




3^ 


8 


( f ) 


a u 

X 


YJlierc a = 


2 . 



[Ehc output of the actual quantiser, as shomi in Fig. 2, will 
contain a scaling constant to suit circuit conditions. 


~x 

whore K = a 





Delta 
pj IsGS 
gi-viug 

K ux 


1 "' < 




.T -4 

‘ C 

i 

1 
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Fig. 2 


2.3. Il ultipliec and the associated integrator 

Multiplication of the analog signal y(t) and the signal K 
(which is represented hy the edges of the delta pulses shown in Fig. 2) 
is done in the following way. Positive values of the analog signal are 
transmitted to the output as long as the sign of the delta pulses remains 




5 
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poniliYo. As soon as the next delta pulse changes sign negative 
vaJtiGs of the analog signal y(t) 

rXG tr'Uismitted to the output and this is continued until tho next 
doj-to, rulse changes sign again where upon again poative values of the 
siinial y(t) are transmitted to the output and so on. This is illustrated 
in Pig. 5« 

Integrator ; This is a conventiona,! analogue integrator the circuit of 
which is described in Section 3»4* There is also a provision for 
a-ppljang the initial oendition voltage to this integrator. The circuit 
details for this are given in Section 5*5 • 

2 ,4 . Symbol for the genoraHsed integrator 

The three main units of the integrator can be incorporated in a 
symbolic notation so tkiat the appHoations where various such integrators 
arc used can be easily illustrated by the diagram using the symbolio 
notation. 








In the above symbol Q stands for quantiseri M for multiplier and 
I for the integrator associated with the multiplier. 

IC is initial-condition voltage 
Ei is integrator scale factor. 




CHAPTfIR 5 


CIBCUIT DIAGRAMS 


5*”1» '-^rntisor s Ihis urdt is based on the block diagraa shovm in 
Pig. 4 


Comparator. 

1 

<'f« 



■ Gated 




Level 




Diode 



■ Bistable 

i 


Shifters 

i 

Bridge 

. 


Clock 


Pig. 4 



This is essentially a feedback control system in which the corrospondcnco 
beti’/eon the inpat and the integrator output is maintained. Consider 

a situation when the integrator output voltage is greater than the input 
voltage V^. Under this c-ndition the outputs of the comparator, the 
bistable and the level shifters are at one of the two possible levels. 

The level of the final level- shifter is such that it causes, via diode 
bridge, the output of ihe integrator to Hnearly decrease »thas approaching 
the V. .lie of V . As soon as the output crosses the vahxe of T the 
compara.tor output will change. The flip-flop will also change state at 
the next clock edge. The states of the succeeding stages will change 
so that the integrator output will start increasing linearly and will 








8 


approach. V again. 

In other words the output will he a triangular approxi- 
mation of the inpit waveform. The rate at which the integrator 
outpat increases or decreases corresponds to the term 
eq.uation ( 5 ). 

ind the output pulses of the flip-flop and level lifters 
represent, the term ds/dt. It is important to note that the 
output waveform (V. ) of the level shifters, shown in figure 5, 

U 

as also the output waveform of -the flip-flop, corresponds to the 
wavefomt shown in fig. 5(l). j&nd since this is the waveform 
required for multiplication of y(t) and the tern dj^dt , it is 
not necessary to generate the pulses shown in fig. 5(a). 
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3.2. Circuit details in the quantiser s- 

Hio ortual circuitry used is shown below. 


+ 12 V 



Fig. 6 
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For reasons explained in section 4*2 the clock frequency is 
chosen to he lOO Kc/s« ind the fastest rate, at which the comparator ' 
output will have to change, will he close to this, ihe SSD 71 OG Comparator 
that is used easily accommodates this rate. The flip-flop EG773 is used 
in the h-mode and thus represents the gated hi stable of the block diagrsn 
shown in fig, 4» !Ehe transistors and ot level shifting. 

The diodes and clamp the levels to + .6 volts which are appropriate 
for controlling the diode bridge. The Op-imp 741 is used in the uaial 
integrating mode. The term q/T^ of ihe equation ( 3 ) coirresponds to l/C 
in the above eirciilt, where 0 is the integrating capacitor (lji?) and 
I is 1he current switched by the diode bridge. By keeping the circuit 
in the open-loop mode (i.e. grounding the negative terminal of tiie 
comparator and breaking the feedback connection) the positive and 
negative slopes were adjusted to be equal by using the 1K trimpots shown . 
The slope was adjusted to be 3125 Volts/second. !Ihe factors deciding 
the choice of the slope are discussed in the section 4 *1 • 

Since the comparator used (SSD can not handle h input 

signals of more than + 5 Volts, this is the maximum amplitude of that 
can be fed to the quantiser. 

5»5» Ci3xsuit for the clock 

!Ihe usual astable multivibrator is used for genecatiaag the 


clock pilses. 



0 +5 folts 


12 



iKn 


Gil' 7(13 


The levels Tor the clock axe c?ioscn such that they arc oompatihle 
•vdth the TTL flip-flop tho.t is used in conjunction with the clock. 


5 4 . Circuit ilia^am for the multiplier and the asso c iated inteCTator 

Tho circuit shown in Fig. 8 accomplishes the function of nulti- 
plica.tion as well as the integration. The transistors T^, T^, T^ and 
act ;is level Shifters to oht.oin the proper levels for operating the 
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PETS, P^ and P^. The source point of hoth the PETS is connected to 
the inverting terminal of the integrating OP-iEiP 0^ . Hence this 
point is virtual earth. Thus when T^ is in saturation the gate-source 
voltage of P^ i» -.5 volts and P^ is OP, When T^ is off gate source 
voltage is -12 vo|fcs and the PET P^ is OPP . Similar argument applies 
for Tj and P^. 


The Op-iMP 0^ acts as a buffer for the input voltage Yy . The 

OP-il'IP ^2 connected to invert Y, . "'/'Jhen P]_ is ON the current of the 

vahiG '^y/l^ is forced into the integrator 0^. ind when P^ is ON the 

current of the value “ ^y/^m i^ switched into the integrato r. In 

this connection it is in^ortant to note that the level shifting invertor 

arc api^ropriate in number so that + current is switched into 

Y -! 


the integrator when the waveform /of fig. 5 > which represents 
positive and the current -Y /r is switched when Y. is -ve. 


dt ' 


IS 


In fig, 8 the OP-ittP Qy used as integrator, is shorn connected 
such that it is permanently in the operate mode. However, as Yf&s 
mentioned in section 2 . 3 » it is necessary to make provisions for 
applying the initial condition. This is discussed in the following 
section. 


5*5* The IG and COMPUTE modes of the integrator . 

These two modes are illustrated in the fig. 9* 

The integrator is in the 'Compute mode when the switch is on 
C and Sg is open, ind it is in the initial condition mode when the 



f 
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s?dtGh is on I.C. and is closed. 

In many cases it is necessary to apply blio initial condition 
and to com pa be alternately. Bopetitivo operation is then roq.uirod . 
In analog; compaters the initial ODnditicn is provided at the time 
t = U, since the integration is vith respect to time. I)i'’t in manj’’ 
r.vpplic ■^tions of tho generalised intG,p?ator it is necessary to a.ppiy 
the iiiitial condition at = 0. Ihe system shown in Pig. 10 pterComs 
this operation. 


I.G, 
Voltage 


E 


O 




I.C . 


s 


1 


^ \ 
— O 

s. 




From the point 
F of Fig. 0. 


Fig. 9 



Fig, 10 


16 
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Tlio 0 P“j.'jMP 0. is used as a buffer for liio signal V . Ilie OP-iMP 

1 X 

Og id . used as a zero crossing detector. The tviro 1,0. chip-flip flops 
(ECI 773 ) gi’V'o a count of 16 . The transistors T^ , 'p 2’^5 used 

for operating the PETS ^‘3. P^. The gates of P^ and P^ are 

connocted together and therefore they will both be OPP for ooniinte 
period and be ON for initial condition period. The initial condition 
vol-tago con bo set by the potentiometer 'P' of fig. IO. 

It is to be noted that the compute time corresponds to 8 cycles 
and the time for setting of the initial condition also corresponds to 
8 cycles. 

is discussed in Section 5*2 maximum frequency of the signal 
is limited to IOO c/s. Thus 8 cycles will haye a minimum time of 
OO m sees. I'low for the initial condition mode the effective time 
constant is (if C = .15 ’^‘P) 1.5 m secs. Thus 80 m socs is sufficient 

for the oax:iaoitor to acquire new required voltage at the end of initial 


condition time. 



CHAPTER 4 


IHTEGEATOR EQJJATIOHS 


4*1. The Scaling? Factor? 

Tlie purpose of analysis that is done in this section is 
to oh tain an esqpression for the integrator constant (mentioned in the 
Section 2./',) in teims of the time constants associated mth the 
quantiser integrator and the integrator used in the multiplier. 

With reference to the quantiser unit (Pig. 6)5 the output of 
the inbogrator 0 ^ is given hy 

= / C * |vjl 


whore I is the current smtehed hy the diode hiidge end G is the 

V 

in bofrr''ting oar''^oitor that is shown in Pig, 6 . i 

T^l 

function having a unit magnitudo and a sign corresponding to the sign 


is the swibchin'. 


of the wavofom 'V. shoim in Pig. 5. 

J 

Equation ( 4 ) can he rewritten as 


or 


dV 

X 

dt 


I 

C 


K 


V. 




( 5 > 
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/jid with reference to the circuit of the mltipli>er and the 
associated integrator (Pig.s), the voltage output may he exprossed 


1 r 

Y = « -L. f , — si, V dt 

z T 7. y 

m I ^ 


Prom the equations (5) and ( 6 ), 


V„ ^ ■ h , .dt 

7 dt 


m 


or 


y ^ - f Y dV 

z I .T J y X 
m ^ 


or 


7 = K. / 7 d 7 , 

z 1 y X ’ 


if 


K. = 

1 


I.T 


m 


( 6 ^ 


(Y) 

■:t3; 


is Orallod the integrating factor and can he chaiigcd hy changing 
any of the throe factors i.e, I,G and T^. Thus scaling can he done 
at will hy varying the above factors. 

It stould he noted, however, that the ratio l/c has also bo 

he '.idjusted such that the equation (2) is satisfied. 

f 
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4 *2 . Choice of olock frequency 

The sampling frequency mst he chosen so that the 
modul.ation signal K u„ , representing a voltage dV /dt, 
contains all the frequency components of 1iie latter having an 
amplitude exceeding the maadraum tolerable error, expiressed as 
a percentage of fall scale ampHtude. The signal may he 
expressed as 

00 00 

K u^ = I 3 ^ sin( -~ + <i>n) + I \ sin(m w^t + 
n=1 m=2 

•where is the angular frequency of the clock sampler, 
and hjj^ arc constants and and axe phase shifts. The 
first teri'n in the above equation contains the signal and the 
secend torn represents the noise generated in the delta 
modulation process. Since the carrier can not accommodato any 
signal of frequency exceeding one half of its omi, i.e. w^/f, 

■the latter i s therefore the maxLnum possible significant 
signaJ frequency. 

TIac required sampling frequency depends on the frequency 
content of the analog signal. The most severe cane -mi-th T/hich 
the q-uanti^isif must contend is that of an input V which is a 
triangular wo.-fa with a rate of change equal to that of the 
maximum possible rate of increase of voltage of the quantiser, 
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i.o. l/C= Tiiia waveform is shova in Fig. 10,* together with 
its dorive.tive dY 



Fig. (10)* 
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dV^/dt TivavGfoxm will, to a degree of approximation, 

be identical in form to tbat of the switching waveform . 

Ihe Fourier series eji^ansion of the function dV 
but nonriulised to have a maximum amplitude V by multiplying 
by the scale factor 1 'q/ 4» is 


T dV 

o X 

4 dt 


I (- 1 )^'*’^ cos(2n-l)w^t 


n=1 


2^ 

where = Y" snd n is on integer. 

■^0 

Wow the highest significant frequency in the waveform, 
represented by the above equation, is defined as that frequency 
component v/hich ha,s the amplitude equal to the quantisation 
level q. 

Thus if rth harmonic is considered to be the highest 
significant frtjquency, its amplitude is given by 


or 


41 

r ir 

riT 


» q 

= IV 


whore W is the discrimination accuracy defined as I = q/v. 

IhG clock frequency must, therefore, be twice the 
frequency corresponding to the rth harmonic of w^ i.e. 

( 1 > 


Bw. 


w 


0 

I1T * 
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As Stated, ^ represents the maximm possible 
rate of change of the quantiser output voltage i.e. l/C . 
Thus, if is the niaxinium angnlan frequency that can be 
acconmiodo.ted when "V = V sin w t, 

jC 1^-^ 


w "V* 
111 


41 


or 


y V 
m 


2y/ V 
0 

TT 


(2)tf 


Prom equation (l)* and (2)* 


w > __m 


Thus if N = 10“^, i.e. .1?^ accuracy and if f^ = IOO kc/s, 


where = 2 tt f^, 


■= 25 c/£ 


Howeve 


f can be increased at the expense of accuracy. If 


m 


now K = 10 


-2 




% 



CHAPTER 'p 
APPHCATEOWS 


5 • "I • G-eneralion of fumtioas Ry integration techniques 

Generation of fanctions of variatles which are themselves functicn , 
of bime is an important application- of this integrator. In conventional 
analog computers such functions are generated by methods which are expens 
.and are difficult to set up. Some examples of generation of functions oj 
the generalised integrator are described in the sections that folio i'.\ 

lex 

5.2. G eneration of exponential function me : 

The function y(t) = can be generated in the integrator 

by fcho following method. 

Iho above equation can be rewritten using the computer voltage 
variables. That is 

KV 

Vy = m e ^ ( 5 . 1 ) 

where Y is the compiter voltage that represents the analog variable y(t) 

y 

and Y, is tho voltage that repr^ sonts the analog variable x(t). 

X 

Prom the equation (5.l) 


dY.. 


y 


KY 


dY., 


= Era. e 


or 


dY. 


_y 


dY. 


= KV. 


y 
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and licnce 


7 


K /V dY 
^ 7 X 


witli iiiitira condition for Y = m when Y = 0. ihus if Z = K , 

Y X i' 

There is ^^ven hy equation (o), the following arrangement can ha used- 



Fig. 11 


As an example, Y «= Y Sin wt. 'Ihen 

IX. 


IL Y Sin wt 

Vy = m e (5.2^ 

low K = (Yolts)"^ 

l/C is the rate at which the voltage output of the integrator (used 
in the quantiser) is changing. This is chosen in the following way. 
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I/C must te greater than the maximm rate at which T is changing 
AnI thin rate is wV. 

If w = 2 IT. 100 a/s, 

then Ai/V =s 2 ir.lOO.'l = 800 Volts/sec., 
for V = 4 Voh s. 

So, for the circuit to toi3s:,I/G must he greater than 800 Y/sec. 

Ib is I'laafcioned in Section 5«2 that l/C is adjusted to he 5125 Yolts/sec. 

As this is more than wY (800 Yolts/sec. )j fhe operation will he 
s.ati af ao bory . 

Actually the rate l/c can he increased to accommodate larger 

signal frequencies. However this vL 11 reduce the value IC and hence 

the output voltage will he attenuated more. (See equation 5»2). 

Hie amplitude can also he controlled hy the factor which is 

the time constant associated ■with the integrator used in the multiplier 

unib. 'Jhe reduction in will increase the ampli-tude. 

How T is R . C (See fig. 8). As can he 

soon from the fig. R, controls the current fed into the 0P~iKP 0^. 

Hence this ooh not he arbitrarily reduced. Also has to he large enough 

to svraiap the resistances of the EETS so that a definite accuracy is 

ohtrdnod. Ihe reduction in the value of C will also cause an increase in 

m 

tho ampli-tude of the output voltage. Still, a hi^er value of t, 111 
moaii hGt-t;er filtering of the switching components. 

Dims, with l/C = 5125 Yolts/sec. 


= 10 KG 

0 ^ = .15 yF. 
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Fig. 12 
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integrator constants as defined "by the equation (8). 
Now, V ’ can he vjritten as 

V 

V ' = K. , / 7 " dV . 
y i1 •* y X 

But 7 " «= - A V . 

y y 

Therefore, 


7 ' 

y 


A K. , / 7 d 7 

2 _ \ ^ tr 


y 


Also 


7 is given hy 
«y 


Ilonco 


7 = E. „/ 7 » d 7 

y i2 y X 


or 


7, = -A K. K. „ / C/ 7 d 7 ) d 7 
y i1 i2 y X X 


'Ijl _ 

ay “■ 

X 


A K. K._/ 7, d 7 
i1 i2 y X 


or 


dS- 


17 


A E. ^ E.^ 


And the solution to the equation (5-5) is 


(5.5) 


7 


P Cos »^A E^^ E ^2 


7 

X 


with the initial condition, 


7 = P at 7 = 0 , 

y X 


Also 


d7. 


y 


d7_ 


P *^AE E 
^ ^^i1 i2 


Sin 


A E. ^,E. - 
iV x2 


7 


(5.4) 
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With tliu initial condition 

. 0, at . 0, 

is an example consider a case when V is a triangular wa-vo 

X 

such that, 

V = Kt for 0 1 <T/2 

whoru 1/2 is half the period of the triangular wave. 

•fhen, for the time hotween 0 and t/ 2, 

Y = P Cos K.” K.7' Kt 

y i1 i2 

'fhcn w = K^2 • ^ • 

Now if K = 400 Volts/ sec . 
ilixl A = 1, ■= K^2 “ 1/4.687 

w = 4 00//] .687 r/ sec • 
or f = 15.6 c/s. 



CHiffTEE 6 


MODIFIED VERSIOII OF ISS aESMEBiJI SEP INTEGRATOR 


6.1. Modified Qp-antiser ; 

'JliG quantiser .unit can "be modified so that the delta pulses 
represent the signal V itself rather than its time derivative. The 
modified hlook diagram of the quantiser unit is shown in Fig. 15. 



The feodhack action in the circuit of fig. 15 is similar to that 

doscrihed in connection with "Oie fig. 4. Here the difference is 

that one point of the comparator input is grounded (This is the same 

point v/here V is connected in fig. 4 so that the feedback action 
'yz 

is not distofbed.) So the output of the integrator will now he a 
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!ipproHLma,tion of ttie zero level. Also since Y is now 

X 

correobod to the fsamming point of the integrator the output is 
contributed to by V as v/ell as the delta pulses. However the sum 

X 

of the componont provided by and the component provided by the 
delta iiilsGuS after integration is required to be zero. Therefore, 


I 31 

T. 

I, ns liofore, is the current switched by the diode bridge. Also 

in rj! 

h;'.ri the s/ime interpretation as given^/ section 4 • 1 • 

The Ro si stance ’ll' is connected from V to the summing point of the 

X 

intoi'jrator. 

llu; equation (6.l) can he rewritten as 


or 







V 

X 

IR 


( 6 . 2 ) 


3o , wliioh is the s-ivitching function associated with Ihe 

' i' 

delta jnlscs, directly represents Y instead of dV /dt as was the 

X X 

case "in the original quantiser. 


6 .2. Oixtput Voltage in the modified integrator 

Tlie multiplier unit in the modified integrator is unchanged. 
Hence, using the same symbols that were used in Section 4.1j 


l.l.T. 

CENTRAL li-jH 

No. ..j 3ft 
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1 

T: ^|T^| 

t) 


m 


ind urd’-ig eri^uation 6.2, 


^ l\ \ « 


(6.3) 


or 


= K /V V dt 
zi m •' X y 


v/hore 


K 


1 


m 


I.R.T 


m 


(6.4) 


^ * 5 * 'Iho modified integcator used as a multiplier of two analog siisna] 

If the modified integrator is further modified by emploidng a 
feudbaok in the integrator that is associated with the multiplier unit 
and the time constants axe properly ad justed .then it can be used as a. 
inultivlicr of tw analog signals. This is shown in Fig. 14. 





iip 

M (■“ 

.■'S. 




4 


7tr 


Fig. 14 
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Xt c;.ili Tjc aeon that the noxmal integrator 0^ of fig. Bis modified 
by connecting a feedback resistor E^, across G. Such an integrator has 
the Bode plot which is shown in Fig. 15 , 



It can ho seen that the break point occurs at w. 


1 


Ther ef 0 re 


■1 ” EpC • 

if lljjj, and C are chosen such that is much more th^ the signal 

frociucncy then the integrator 0 ^ of Fig. 14 is simply acting as a 

filter to reduce the switching component in the multiplied signal. 

nonce tho output will represent multiplication of the two signals Y 

Y 

and V, within a scale factor. 

Since the OP-iMP 0^ of Fig. 14 is now acting as a simple 
amplifier for the signal frequencies the output voltage can be written 
as 

^ 1 




E 


m 


I .E X y 


(6.5) 


I and E are explained in connection vdth eq,uation (6.1 ). 
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A:; an cx;«nplG, consider 

\ = "Vy = 4 Sin 2 TT . 30 t. 

:]iu::o the signal frequonoy is 50 c/ s, the OP-it/iP C ^ of Pig. 14 
v.’ill cot as an anplifier when the breakpoint shown in Pig. 15 is 

moro tli.ua '^0 o/s. The break; point at ^00 o/s will be satisfactory. 

Thus if =4QK2 to pat the d.o. gain a>t 4 (since = -iCJ^ ), 

0 ics given by the following equation. 

500 = ^ ^ 

2n X 40 X lO-^x c 

or C = .01 V P 

ind C = .05y'-.P will also do the job as it vdll keep the firrst 
brock ])oint niach above ^0 cj s. 

If P = 5 K-.0 

I = 5m-/i-, 

-= 4.26 Yolts. 

max 

and 

Y » 4.26 Sin^ 2 w. 50t. 

z 
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6 . 'b'-jil lor used for fconeratinA' 'polynomials = 

2 

A pt-lynomial in x(t), given by y = a^+ a^x + a^x +. 
can be crnlly gonorated as shovn in tbe fig. 15*. 



In I’'ig. 15*, the modified integrator is used in the feedback mode 

30 that ±i opexatos like a multipliex. The constant of such a 

1 

raultijtliur is given by ^ x (see equation 6 . 5 ). This can 

be adjusted t^> ag. A^ is an amplifier with a gain a^ and A^ is an 
adder. By adjusting the constants a^, a^, etc., Hermite 
polynomial of any degree can also be generated. 
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^ 'with Voltag o Cont rol of Freiiuency 


With roforonoe to Fig. 12, if quaatiser units of both the 
integrators arc operated in the modified mode then a voltage controllec' 
ofici llator is obtained. This is explained below. 


I.C. = P 



T 

y 


Fig. 1T 

and Kg are the constants given by the equation (6.4) • 

Now, referring to Pig . 17 » 

( 6 . 6 ) 

and Ty' - / Y 


(6.7) 
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From equations (6.6) and (6.7), 


4 ' - 

(6.8) 

A''- 

(6.9) 


From f.'(}u;itions (6.fl) and (6.9) 


?, = K„/(-iK, /V V dt) 7 dt. 
y 2-' ^ 1 •' y X X * 


Microforc 


'iV., 


dt 


or 


iK,K^ Y /y V dt 
1 2 X y X 


d^Y 


,2 o - AK.K Y. Y 


dt 


12 




Tl'.) auJution to the equation (6.10) is 


Y = P Cos Y JMX. . t 
y X ^ 1 2 

when Yy » P at t a 0 . 

Thus the circuit oscillatos at a frequency which is directly 
proportional to Y^. 

As on example if = K and K is given hy equation (6.4). 

If R ^ lOKC 

m 

C = 1 i-F 
I = 3 mA 


R = 5 KO 



50 


If A « 9 


j.tncl 


100 

15 


_J 

V-Sec. 


w >= 


502v 

15 X 


7 

TT X 


rad •/sec* 

of Bo 


\ 



CHAPTER 7 

CONCIUDIHG REMARKS 


*1^ • * Pane l descri-ption ; - 

The paael diagram is shorn in the fig. 18. The terminals 
for oomecting C, R, ai^d R^ are hrou^t out as the values of 

these ‘HiSjf have to be different in different applications for proper 

\ 

scaling. 

The switch labeled is used for connecting Y to earth 
(required for adjusting the slopes in the quantiser) or to P (#ien 
the quantiser functions). Tho potentiometer labeled I.O. sets the 
desired initial condition voltage. This is calibrated. 

The Bandswitch B,S.l. is used fox"putting the integrator 
in initial condition or oempate or in the REP -OP mode. The band- 
switch B,S.2 is used for operating the integrator cither in the 
Hormal or tac modified mode. The terminals for Op-Amps.O^ and 0^ 
aro brought out so that they can be used in the appropriate 
fashion for different applications. 

7 *2 . Other Applications; 

In its role as an analogue -digital convertor, the modified 
quantiser may be used to ccnvtrrt an analog signal into delta pulse 
form, which may be stored in a conventional shift register. This 
arraigement provides the facility of a function store. 




BcS.2 
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I'^uiction atoragG may Tdc used for th.e iterative solution 
of iiitogr-.L c,t\u:itionc nnd cortain foms of partial differential 
uqu.'itl na. 

7*5” Ro (.milts 8 - 

’Fig. 19 shows the results from the circuit which was set 
2 

up for generating x from x. Tho method for this is discussed 
in section 6.3*« 'fho plot which was obtained by uang a strip-chart 
rec'xclcr, shows the input V =4 sin 2 it (.05)t and the output 
Vj, * ir^sin^ 2Tr (. 05 )t, 

whore is the scaling constant and is given by 

Rf _1_ 

The vprioUH elonont values were set as follows. 


Up = lOK Ih = 10K n(.l/o) 

It = 2K (.1/0) 

Also, since I/G = 357° Vsec. and G = 1 uP(5/o) 

I - 3.57niA. 

= 1/7.14 (Volts)"^ 

So the output should be 

= 2.28 sin^ 2 ir(.05)t. 
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fJri-; f r thu strip-chart recorder the scales were set as follows. 

Chart Speed = Imm/ sec . 

V..rtic,-,1 scale of = .2V/imn. 

Vertical scaleof ^ .05v/im. 

vS.-j the rocordod plot is 

= 2.2 sin^ 2 ir(,05)t. 

An error of sli^tly less than 5?^. Fig. 20 shows the 
plot for x^. Here the voltage «=• 4 siii 2 if(.C5)t in maltiplLed 
^th 

V = 2.2 sin^ 2 ‘^(.05)t 
7 

So the or. t put shouM "he 

V = KT V =K 8.8 sin^ 2 it (.05)t 
z m X y 

V /nd in this case was ecLjustod to he l/5-8 CVolts) . 

= 1.51 sin^ 2ff (.05)t. 

In this case scales were set as follows, 

Chrtrt speed = 1am/sec. 

Vertical, scale for V^* .2V/mn. 

Vertical scale of V^ = .iv/min. 

So from the plot 
V^ « 1^5 sin^ 2 ir(. 05 )t. 



In tho nse of the generalised integrator a problem faced 
is that the 0P-#IP 0^ of fig. B gradually goes into saturation 
after ttie integration is started. Oliis may be because of 
asymmetry in tho FET-sampling-circuit that is employed in the 
multiplier portion of tho generalised integrator. Use of tracking 
PETb is suggested to remedy Ihis defect, inother possible cause 
is the drift in tho integrator. This can be offset by the addition 
of on appropriate amount of . B. C. voltage to the integrator. 
Ihis voltage, ho\70vcr, will have to be adjusted from time to time. 
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